The use of whole-blood spots on filter paper for the detection of antibody to human immunodeficiency virus type 1 (HIV-1) was evaluated during a 20-week period under a variety of storage environments simulating the harsh tropical field conditions in Kinshasa, Zaire. During the first 6 weeks of storage, all replicates of high-and low-titer HIV-1-positive reference samples remained positive by enzyme immunoassay and Western blotting (immunoblotting), and all replicates of HIV-1-negative samples remained negative under all storage conditions. However, hot and humid storage conditions for up to 20 weeks caused a progressive decline in enzyme immunoassay optical density ratio values, which was particularly noticeable in samples with a low HIV-1 antibody titer. Harsh tropical operational conditions did not cause any repeatedly false-positive results during the 20-week storage period. The use of gas-impermeable bags with desiccant for the storage of blood spots on filter paper improved the stability of HIV-1 antibody detection over time and is recommended for the storage of whole-blood spots on filter paper in harsh tropical field settings.
Antibodies against human immunodeficiency virus type 1 (HIV-1) can be detected accurately in whole blood that is collected and dried on filter paper (1, 4, 5) . This technique is being used in the United States (3, 6, 9, (11) (12) (13) and Great Britain (14) to conduct HIV-1 seroprevalence surveys among childbearing women and has recently been validated in Kinshasa, Zaire (10) .
While studies at the Centers for Disease Control (CDC) in Atlanta, Ga., have shown that HIV-1 antibody titers remain stable in specimens that are dried on filter paper and kept for up to 60 days at ambient laboratory temperature when stored in zip-lock closure bags with desiccant, the effect which a tropical environment might have on HIV-1 antibodies in whole blood that is collected and stored for prolonged periods on filter paper has not been investigated (7) . The use of whole-blood spots that are collected and dried on filter paper would be particularly practical for sampling under field conditions; expensive and invasive venipuncture would be unnecessary, and blood samples would not require centrifugation and could easily be transported. However, significant time delays can occur between the time of collection and the time of testing in the laboratory; this time delay may expose the blood spots to hot, humid conditions and, possibly, may compromise the HIV-1 test results.
Therefore, we evaluated the stability of HIV-1 antibody detection in whole-blood spots that were collected and dried on filter paper and that were subsequently stored under 14 different, standardized environmental conditions in Kinshasa over a 20-week period. * 
MATERIALS AND METHODS
Whole-blood specimens used in the study. To prepare reference samples with different HIV-1 antibody concentrations, the following heparinized whole-blood samples were obtained from Zairian individuals (Table 1) . S1 specimens were high-titer HIV-1 antibody-positive whole blood from a pool of five HIV-1-seropositive Zairian patients with AIDS. The mean optical density (OD) value by enzyme-linked immunosorbent assay at time zero for these samples was 2.962 (range, 2.838 to 3.082), with a cutoff value of 0.255. S2 specimens were low-titer HIV-1 antibody-positive wholeblood specimens that were obtained by diluting one sample from a Zairian seropositive individual 1:200 with HIV-1 seronegative blood. The mean OD value was 1.008 (range, 0.788 to 1.146). S3 specimens were HIV-1-negative whole blood from a single Zairian blood donor. The mean OD value was 0.054 (range, 0.050 to 0.060). In addition, the following three blood specimens from the CDC Quality Assurance Program (8) prepared in September 1988 were included in the panel. S4 specimens were high-titer HIV-1 antibody-positive quality control (QC) dried blood spots. S5 specimens were low-titer HIV-1 antibody-positive QC dried blood spots. S6 specimens were HIV-1-negative QC dried blood spots.
Preparation of blood spots on filter paper. Blood specimens S1, S2, and S3 were transferred to specimen collection paper ( conditions (i.e., environment and packaging), multiple regression was used to detect differences in the effect of time on the mean OD ratio. Results of Western blot assays were also examined to reveal the changes in patterns over time.
RESULTS
The study was conducted between November 1989 and April 1990 during the rainy season in Kinshasa. The mean temperatures in the metal cargo container were 29°C at 9:00 a.m. and 40°C at 2:00 p.m. The maximum temperature in the metal cargo container was 44°C (at 2:00 p.m.). The mean temperatures in the non-air-conditioned house were 25°C at 6:00 a.m. and 28°C from noon to 2:00 p.m. The maximum temperature in the non-air-conditioned house was 33°C (noon to 2:00 p.m.). The changes observed in the humidity indicator cards reflected the relative humidities of the microenvironments in which the specimens were stored and are shown in Fig. 1 . In both the metal cargo container and the non-air-conditioned house, low-humidity storage conditions were maintained the longest for specimens stored in gasimpermeable bags with desiccant. During the first 6 weeks of storage under all 14 conditions, all replicates of high-and low-titer HIV-1-positive samples remained EIA and Western blot positive, and all replicates of HIV-1-negative samples remained negative. The blood spots with a high HIV-1 antibody titer remained positive throughout the entire 20-week observation period for all environments and conditions. After 8 weeks of storage, some replicates of the blood spots with low HIV-1 antibody titers (specimen S2) became EIA negative, depending on the environments and conditions (Fig. 2) . None of the negative blood spot replicates showed repeatedly positive EIA results after 20 weeks of storage under the 14 different conditions. All the positive (high and low antibody titers) replicates remained Western blot positive, demonstrating the same 8-I band patterns throughout the study, and all of the negative specimens remained negative.
Analysis of EIA OD ratios. (i) High-titer HIV-1-positive specimens. The results of the multiple regression analysis failed to demonstrate a decrease over time in the mean OD ratios for high-titer specimen Si replicates under all storage conditions. Similarly, the mean OD ratios of the high-titer specimen S4 QC replicates except for the specimens stored in the metal cargo container did not change over time. For specimens stored in the metal cargo container, the average ODs decreased significantly, irrespective of the type of packaging.
(ii) Low-titer HIV-1-positive specimens. In the metal cargo container and the non-air-conditioned house, the mean OD ratios of the low-titer HIV-1-positive specimen S2 replicates decreased significantly (P < 0.001) over time under all packaging conditions. In contrast, mean OD ratios did not decrease over time for replicates stored in the refrigerator or freezer, irrespective of packaging conditions, indicating that, as expected, the refrigerator and the freezer provide better storage conditions than the metal cargo container or the non-air-conditioned house. No differences in the rate of decrease of the mean OD ratio over time were detected between refrigerated and frozen specimens or between specimens stored in the non-air-conditioned house and those stored in the metal cargo container. Among the QC specimens, only those S5 specimen replicates stored in the metal cargo container and packed in paper envelopes and gaspermeable (zip-lock closure type) plastic bags with desiccant demonstrated a significant (P < 0.005) decrease in the mean OD ratio over time.
(iii) HIV-1-negative specimens. Average OD ratios of specimen S3 and HIV-1-negative QC specimen S6 stored in the metal cargo container in paper envelopes or in gas-permeable (zip-lock closure type) plastic bags with or without desiccant decreased over time. In contrast, changes in OD ratios were not observed for specimens stored in gasimpermeable bags with desiccant in metal cargo containers. OD ratios of specimens stored in the non-air-conditioned house, refrigerator, and freezer did not change over time, regardless of the packaging conditions. DISCUSSION 0 2 Detection of HIV-1 antibody in whole-blood spots from Zairian individuals with high HIV-1 antibody titers that were collected on filter paper and stored over a 20-week time period was not affected by environmental conditions. In Kinshasa, we observed that the sera of most HIV-1-infected individuals have high HIV-1 antibody titers. However, during seroconversion, for example, it is important that low antibody levels be detected accurately. Storage conditions can alter the OD ratio values of blood spots with a low HIV-1 antibody titer, with ratios waning over time, particularly in specimens stored under the hottest conditions (metal cargo container). The use of gas-impermeable bags with desiccant for storage of blood spots on filter paper sustained a better microenvironment for the samples and, thus, improved the stability of HIV-1 antibody detection over time. However, the most important observation of this study was that the whole-blood spots that are collected and dried on filter paper can be stored under tropical conditions for 6 weeks without changing the categorical result (positive or negative) of the HIV-1 antibody screening and confirmation tests. It is also reassuring that no reproducible false-positive results were In this study, we evaluated some of the harshest operational conditions to which dried blood spots may be subjected. Therefore, our findings should be applicable to a wide range of specimen collection and storage conditions. Although collecting, drying, and storing of whole blood on filter paper simplifies sample collection, the conduct of careful and precise laboratory procedures by trained personnel in a well-equipped laboratory with an efficient quality assurance program in place is still required. If local facilities are not adequately equipped, filter paper specimens could be sent to an appropriate laboratory within the time limits identified in this report.
In conclusion, whenever it is difficult to obtain and properly store sera for HIV-1 antibody detection, which is a common situation in developing countries, collection of whole-blood spots on filter paper is an excellent alternative method. (2) was associated with a progressive decline in enzyme immunoassay optical density ratios. This, along with the simultaneous exposure of quality control sera with high and low HIV-1 titers to 14 different standardized environmental conditions during the rainy season in Kinshasa, Zaire, was a remarkable attempt to simulate the harsh environmental rigors prevailing in developing countries. The exercise lasted 20 weeks and involved regular monitoring of the microenvironment of the blood samples for humidity changes by employing innovative microenvironment cards. Storage in gas-impermeable bags with a desiccant produced maximum stability for HIV-1 antibody detection and was recommended for sample storage in harsh environments.
Before universal acceptance of the recommendations of this outstanding study (2) , it would be essential to carry out identical investigations in other seasons at Kinshasa itself and also to carry the metal cargo container in peripheral areas in Zaire. The metal cargo containers could be transported by the routine modes of transportation and stored in remote areas in shaded or even unshaded locations in non-air-conditioned houses. The retrieved whole blood preparations and quality control sera could be tested in Kinshasa to ascertain whether there were any remarkable differences in declines in enzyme DBS samples with significant temperature-induced loss in titer (55°C for 160 days) were examined by quantitative assessment of HIV-specific bands on Western immunoblots, and it was determined that the loss in titer appeared to be proportional across all HIV-specific bands.
For stability testing, a dilution series that extends from an optical density of 2.0 to 0.1 and that contains all Western blot HIV-specific bands is preferred. This aspect is important in testing the stability of HIV antibody, because HIV-positive samples frequently have very high OD values and cannot be tested because of loss in titer. For 4 years the CDC has monitored a DBS dilution series prepared and stored 5 years ago for stability by enzyme immunoassay and Western blot testing and has found no significant change in response after storage under the above-described conditions and after transportation to laboratories across the United States.
